ABSTRACT HUMAYDAN, H. S., and P. H. WILLIAMS. 1978. Factors affecting in vitro growth and zoospore production by Aphanomyces raphani. Phytopathology 68: 377-381.
agar plug) for each of three plates of each medium was creamy appearance. However, both oospore and recorded daily.
zoospore production was completely suppressed by An actively growing colony of A. raphani was 0.01% peptone in radish agar. Oospore and zoospore maintained on PDA plates at 24 C by transfers of the production on radish agar also was suppressed by 100 fungus to fresh medium every 6 days. Unless otherwise 4-g/ml of streptomycin sulfate. indicated, zoospore production was studied by Linear growth of A. raphani on radish agar was transferring a 5-mm diameter disk cut from the margin of maximal at 24-28 C although the fungus grew at the actively growing colony, into 25 ml of radish peptone temperatures of 8 and 32 C (Fig. 1 ). Oospores and broth (5 g peptone and the decoction from 250 g radish zoospores were formed at 16-28 CI but were most roots per liter of water) in a 125-ml Erlenmeyer flask, abundant at 20-24 C. The diameter of mature oogonia, Flasks were kept at 24 C for 48 hr, after which each produced on radish agar at 20 C, varied from 24.2 to 43.6 mycelial mat was transferred aseptically into 25 ml of pm (average 32.1 Mm) and that of the oospores varied sterile fresh distilled water (pH 4.7) in a sterile petri plate. from 18.1 to 30.3 4m (average 23.3 gim). The plates were held at 20 C for 24 hr. The number of Radish agar was the best medium for maintaining A. zoospores in each plate was computed as an average of the raphani; cultures remained viable and pathogenic after 5 zoospores counted in four standard hemacytometer mo of storage at 4 C. As previously reported (15), PDA fields. To facilitate counting, zoospore motility was was an unsuitable medium for long-term storage of A. slowed down by adding 0.05 ml of 70% chloralhydrate to raphani. each plate. Each treatment was replicated three times and Broths that contained radish decoction were every test was repeated at least four times. The data were significantly superior (P = 0.01) to others tested for the analyzed using Duncan's new multiple range test. production of zoospores (Table 2 ). Though potatoBroth media examined for their effect on zoospore dextrose broth and peptone-dextrose broth supported production and mycelial growth were: peptone (0.5% abundant vegetative growth, few zoospores were peptone), potato-dextrose (200 g potato tubers and 15 g produced. However, when mycelial mats grown in dextrose per liter of water), peptone-dextrose (2% peptone-dextrose broth were transferred to MY-salt peptone and 0.5% dextrose), radish (decoction from 250 solution instead of distilled water, 5 X 104 zoospores/ml g of radish roots in 1 liter of water), radish-dextrose (0.5% were produced. dextrose in radish), radish-peptone (0.5% peptone in Zoospore production and mycelial growth were radish broth), and radish-peptone-dextrose (1% peptone increased considerably by the addition of 0.5% peptone to and 0.5% dextrose in radish broth). The effects of peptone radish broth. Adding only dextrose to radish broth did concentration in radish broth also were examined. All not significantly improve mycelium growth and reduced media were autoclaved at 121 C for 15 min. Two-day-old the number of zoospores produced (Table 2) . mycelial mats, grown in these media at 24 C, were Adding peptone either alone or in combination with transferred either to sterile distilled water for zoospore dextr/ose resulted in a significant increase in mycelial induction or dried in an oven at 70 C for weight growth. Vegetative growth increased with increasing determinations.
concentrations of peptone; however, zoospore The solutions that were compared for effects on production was maximal from mats produced in 0.5% zoospore production were: distilled water, deionized peptone (Fig. 2) . Thus, radish peptone broth (0.5% water, tap water, Mitchell and Yang salt solution (MY) peptone) was used throughout this study. for zoospore production in Aphanomyces euteiches (8) ,
When mycelial mats of various ages were placed in the and 100 and 200 g!g/ml solutions of NaCl (12). All the zoospore induction solution, 2-and 3-day-old mats solutions were autoclaved at 121 C for 15 min.
produced maximum numbers of zoospores, whereas, IThe influence of the pH on zoospore production was day-old and 4-day-old mats produced very Few. Fivestudied by adjusting distilled water (pH 4.6 -4.8) to the day-old mats failed to produce any zoospores and desired pH with either 0.1 N NaOH or 0.1 N HC1. microscopic examination revealed no protoplasmic The influence of boron on growth and zoospore differentiation in the young hyphae. production of A. raphani was examined by adding boric Distilled water, deionized water, or dilute NaCI (100 acid to 50 ml of radish peptone broth in 250-ml flasks or to the distilled water zoospore-induction solution.
Mg!/ml) all were suitable for the production of high numbers of zoospores from mycelial mats grown in radish RESULTS peptone broth, but MY-salt solution, NaC1 solution (200 Mg/ml), and tap water were inferior to distilled water. In A. raphani grew most rapidly on radish-dextrose, tap water, zoosporogenesis progressed to the production potato-dextrose (PDA), and radish agar (Table 1). of primary spores which then often burst. The effects of Consequently, PDA was used to produce mycelial mats in tap water were irreversible. Mycelial mats, which had further studies. Oospores and zoospores were formed been submerged in tap water for 24 hr failed to produce abundantly on radish agar and on radish-dextrose agar. any zoospores when transferred to distilled water. Oospores also were formed, though much less Washing of 2-day-old mycelial mats, grown in radish abundantly, on cornmeal agar. Numerous oogonia were peptone broth, by transferring them to fresh changes of formed on potato-dextrose agar, but very few mature distilled water or MY-salt solution at 0, 2, and 4 hr oospores were observed. Malt agar and Czapek's agar significantly reduced the numbers of zoospores produced failed to support growth of A. raphani. after 24 hr. Peptone. in the medium resulted in abundant aerial
The temperature of the zoospore-induction solution mycelium which collapsed and assumed a dense, moist, had a profound effect on zoospore production (Fig. 1) .
Zoospores were produced at 12-32 C, with the maximum suppressed zoospore production, NaOH and HC1 were numbers released at 20 C, 4 C below the optimum for utilized to adjust the pH of the induction solution. vegetative growth. At 20 C, cytoplasmic differentiation Boron inhibited vegetative growth and, at 30 Ag/ ml of occurred 4-5 hr after the mycelial mats were transferred induction solution, virtually completely suppressed into sterile distilled water. Two hr later, the primary spores began emerging from the sporangia and remained clustered for 2-3 hr before the motile secondary zoospores appeared. The total number of motile zoospores was highest 24-36 hr after the mycelial mats were transferred
to water (Fig. 3) . - (Fig. 4) . Because phosphate, citrate, and borate zoospore release (Fig. 5) . The few zoospores produced at boron concentrations of 20 and 30 /ig/ ml remained in the spore production adhere closely to Kleb's principles (7). The enhancement of zoospore production by Fig. 3 . Total and percentage of motile zoospores of increasingly higher concentrations of peptone (up to Aphanomyces raphani at various times after mycelial mats were 0.5%) suggests that an optimum balance is reached transferred to sterile distilled water at 20 C.
between factors governing vegetative growth and asexual reproduction (Fig. 2) . The number of zoospores produced decline at peptone concentrations above 0.5% whereas vegetative growth continues to increase. We have not varied the concentration of radish decoction to determine 100 ' I I I ' I I ' production by Aphanomyces raphani.
